O ver the last decades, the incidence of microscopic colitis (MC) has increased globally. Worldwide, pooled incidence rates of 4.14 and 4.85 per 100,000 person-years have been reported for collagenous colitis (CC) and lymphocytic colitis (LC), respectively. 1 The condition is predominantly found in elderly (60 + years) and women. Clinically, patients with MC suffer from chronic or intermittent watery diarrhea, which significantly influences patients' health-related quality of life. 2 The underlying pathophysiological mechanism of the disease is still not fully understood but is likely to be multifactorial.
Penetration of luminal agents through a disrupted epithelial barrier, eliciting a local immune response in genetically predisposed host, is often considered an important factor in MC pathogenesis. 3, 4 Indications for a disrupted barrier function were reported by Münch et al, 4, 5 who observed a significant drop in transepithelial resistance, in conjunction with an increased translocation of nonpathogenic bacteria, in both active and remission MC patients compared with non-MC controls. It is, however, not clear whether this is a primary or secondary effect and what would be the exact trigger for a disrupted colonic barrier. Examples of luminal agents that have been associated with MC are bile acids and drugs. [6] [7] [8] Especially (concomitant) exposure to nonsteroidal anti-inflammatory drugs (NSAIDs) and proton pump inhibitors is associated with an increased risk of MC. 9, 10 However, not every patient with MC has a drug-induced cause of the disease, and only a limited number of NSAID/proton pump inhibitor users develop MC. In addition, regular alcohol consumption and smoking have been found to be associated with MC. [11] [12] [13] [14] Although the link between MC and (especially current) nicotine exposure is currently well documented, no studies addressed the effect of passive nicotine exposure or potential exposure to other hazardous substances on the risk of MC.
Other risk factors linked to MC are a cholecystectomy or appendectomy before diagnosis, or familial occurrence of MC. However, the studied populations were of limited size. [15] [16] [17] One other study assessed the effect of female sex hormones on the risk Supplemental digital content is available for this article. Direct URL citations appear in the printed text and are provided in the HTML and PDF versions of this article on the journal's Web site (www.ibdjournal.org).
of MC, which is of interest considering the female predominance and high prevalence in elderly. However, the study showed conflicting findings and contained methodological shortcomings. 18 Another study addressed the effect of socioeconomic aspects on the MC risk but found contradictive results, as MC was more prevalent in areas with more tertiary educated (i.e., college or university) inhabitants and in areas with lower incomes and housing values. 19 Most studies tend to focus on a selection of risk factors. Those investigating the association between various comorbidities and MC repeatedly showed a higher prevalence of autoimmune comorbidities (e.g., rheumatoid arthritis, thyroiditis, and celiac disease). [20] [21] [22] Although the exact mechanism of this association is unclear, it indicates involvement of the immune system in MC pathogenesis. Genetically, the association with, for example, celiac disease is supported by an increased prevalence of celiac disease-related HLA-DQ haplotypes (i.e., HLA-DQ2 or HLA-DQ1/3) in MC compared with non-MC subjects. [23] [24] [25] Although there is no concrete immunological evidence to support an autoimmune etiology, other immunological differences have been observed. For instance, increased numbers of CD8 + T cells and regulatory T cells were found in the mucosa of patients with MC. 26 Furthermore, cytokine profiles in patients with MC showed a mixed Th1/Tc1 and Th17/Tc17 profile, which may imply a dysregulation of the adaptive immune response. 27 The maturation and function of this response is imprinted by exposure to microorganisms in early life. According to the so-called "hygiene hypothesis," a more protective and sanitary upbringing in childhood might affect immune maturation and development and consequently increase the risk of an inappropriate immunologic responses in later life. Because of the possible parallel with inflammatory bowel disease, where an association with the hygiene hypothesis has been reported, 28 it would be of interest to assess whether factors associated with a decreased early life microbial exposure increase the risk of MC.
The primary aim of this study was to assess potential risk factors for MC, with special focus on factors involving early life microbial exposure, passive nicotine exposure, and female hormone exposure, to generate possible new insights in MC pathophysiology. Second, this study aimed to combine them with other established and potential MC risk factors in one study, to assess their association with MC.
MATERIALS AND METHODS

Case Definition
A case-control study was conducted, including MC cases from all 10 hospitals (9 local hospitals and 1 referral center) in the south-eastern part of the Netherlands. MC cases were identified using PALGA, the Dutch nationwide registry of histopathology and cytopathology, which reached full national coverage from 1991 onward. 29 First, cases were selected if (1) they had a PALGA registered diagnosis of MC, CC, or LC in one of the participating clinical centers between January 2000 and December 2012, (2) they were still alive, and (3) were aged 18 years or older at the time of diagnosis. Second, cases in which a diagnosis of MC could not be confirmed based on the available pathology reports and medical charts were excluded in advance. The remainder was invited to participate in the study. On inclusion, pathology slides of participating cases were carefully revised according to the accepted diagnostic criteria for MC 30 by an experienced pathologist (D.G.), if available. Cases not fulfilling these criteria were still excluded from participation. The index date for the cases was defined as the date of histological diagnosis.
Control Definition
Non-MC controls were retrieved from a large research cohort of more than 1650 randomly selected inhabitants (.18 yr old) of South-Limburg. All non-MC subjects, which had given consent to be approached for future studies, were informed about the study. Participants were matched to the included cases on a 2:1 ratio, based on gender and year of birth (62 yr). Non-MC controls were assigned the same index date as their matched case.
Questionnaire
All subjects were asked to complete a questionnaire specially designed for this study. The questionnaire contained questions regarding age, gender, educational level (classified as 0-7 according to the Dutch educational system, ranging from no education [0] to a university degree 7 ), self-reported comorbidities with diagnosis year (only pre-MC comorbidities were included), alcohol use, exposure to hazardous substances at work, smoking status, passive nicotine exposure (parental or partner smoking and nicotine exposure at work), and markers related to early life exposure to microbial antigens (number of siblings, birth order, day care attendance, pets, breastfeeding, vaccination, and frequent use of antibiotics in childhood). Women were asked about hormonal factors (age at menarche and/or menopause, use of oral contraceptives or hormones, and pregnancies).
Ethical Approval
This study was conducted in line with the revised version of the Declaration of Helsinki and was approved by the medical ethical committee of Maastricht University Medical Center+ (NL44127.068.13). The study was also registered at ClinicalTrials.gov (NCT01928667). Written informed consent was obtained from all participants.
Statistical Analyses
Descriptive statistics were used to express frequencies and proportions. For continuous variables, mean with SD or median with interquartile range were calculated, depending on the normality of the distribution. Differences between groups were calculated using Student's T-test or Mann-Whitney U test. Univariate logistic regression analysis, adjusted for age and gender, was applied to calculate odds ratios (ORs) with 95% confidence intervals (95% CIs). Variables with a P-value ,0.10 in the univariate analyses were included in the multivariable logistic regression analysis. The presence of multicollinearity between selected variables was assessed by requesting collinearity diagnostics in the statistical program. To be able to detect a minimal difference in proportions of 0.15, which was considered clinically relevant, at least 75 cases per MC subtype were required.
Statistical significance was determined as P , 0.05. Analyses were performed with IBM SPSS Statistics version 20.0 (SPSS Inc., Chicago, IL).
RESULTS
Study Population
As outlined in Figure 1 , a total of 821 cases with a diagnosis of MC, within the designated time window and catchment area, were retrieved from PALGA. Of those, 555 patients (67.6%) did meet the first and second selection criteria and were invited to participate in the study. Hereof, 192 subjects agreed to participate (34.6%). After receiving the questionnaire, 4 subjects (2.1%) decided not to participate, 10 subjects (5.2%) never returned the questionnaire, and the content of 1 questionnaire was considered unreliable because of unclear, discrepant, and unreadable answers (0.5%). Six more cases (3.1%) were excluded, as they did not fulfill the criteria for any subtype of MC based on the biopsy revision. In total, 171 MC cases (79% women; mean age 55.5 6 11.3 yr) were included for further analyses. On biopsy revision, cases were categorized as CC (n ¼ 69, 40.4%), LC (n ¼ 65, 38.0%), or incomplete MC (n ¼ 17, 9.9%). In 32 (21%) cases, the subtype was different than reported in the pathology report, which was mainly due to the fact that cases could also be classified as incomplete MC, a relatively new subtype, 30 on revision. Biopsy slides of the remaining 20 cases (11.7%) could not be reviewed because they could not be retrieved or were of insufficient quality. In those cases, the PALGA registered diagnosis was retained. Based on the pathologist's report and conclusion, a reasonable to high likelihood of fulfilling the diagnosis of MC was present in all these cases.
A group of 444 non-MC controls agreed to participate in this study and returned the questionnaire. Considering the age and gender distribution of the cases in respect to the available controls, 316 non-MC controls could be matched to the MC cases based on gender and year of birth. 
Subject Characteristics
Age and gender did not differ between both groups (Table 1) . Based on the univariate analyses on other subject characteristics and self-reported comorbidities, a lower educational level as well as cardiac disease, nonasthmatic pulmonary disorder, gastric disorder, liver disorder, depressive disorder, arthrosis, chronic back pain, rheumatoid arthritis, esophageal disorder, and celiac disease (all before the index date) were found to be significantly associated with an increased risk of MC (Table 2 and see Table 1 , Supplemental Digital Content 1, http://links.lww.com/IBD/B483). No increased risk was found for having a thyroid disorder or diabetes mellitus before index date, familial occurrence of MC, or having a partner with MC.
Factors Related to Early Life Microbial Exposure
Patients with MC did not more frequently grow up without siblings, nor did the total number of siblings or the birth order within their family differ from that of non-MC controls.
Furthermore, the number of cases and controls that had attended day care, had any allergies, received breastfeeding, was vaccinated, or did use antibiotics in childhood was not statistically different between groups (see Table 1 , Supplemental Digital Content 1, http://links.lww.com/IBD/B483). By contrast, patients with MC did more often have pets (especially cats and/or dogs) at home in their childhood (Table 2 and see Table 1 , Supplemental Digital Content 1, http://links.lww.com/IBD/B483).
Nicotine Exposure, Alcohol Use, and Hazardous Substances
As shown in Table 2 
Hormonal Factors
In the female subjects (138 cases and 250 controls), hormonal factors were evaluated. As shown in Table 1 , Supplemental Digital Content 1, http://links.lww.com/IBD/B483, the percentage of subjects that used oral contraceptives before the index date, had ever been pregnant before the index date, or was postmenopausal, was not different between cases and controls. The average age of menarche and menopause did not statistically differ either. By contrast, the average number of pregnancies before the index date was significantly higher in the cases versus controls, i.e., 2.3 6 1.4 versus 1.9 6 1.3 (P ¼ 0.013) respectively (Table 2) . Moreover, the use of hormonal supplements (e.g., estrogens) before the index date did significantly differ between cases and controls, i. e., 17.5% versus 9.8% (P ¼ 0.025), respectively.
Multivariable Analysis
All univariately associated factors were included in the multivariable model. Based on this model, 4 factors were associated with an increased risk of MC, being current smoking (OR 6.23; 95% CI, 3.10-12.49), self-reported cardiac disorder (OR 3.31; 95% CI, 1.31-8.38), nonasthmatic pulmonary disorder (OR 2.29; 95% CI, 1.05-5.02), and arthrosis (OR 2.23; 95% CI, 1.15-4.34) ( Table 3) . A nonasthmatic pulmonary disorder was no longer significantly associated with MC when only cases with revised biopsies (88.3%) were included in the analysis. In female subjects, no hormonal factors were associated with MC when included in the multivariable analysis.
Post hoc, separate analyses were performed for LC and CC. Only cases with revised biopsy slides were included. Based on the multivariable analyses, current smoking, a lower educational level, and self-reported arthrosis were significantly associated with CC. In LC cases, current smoking, self-reported cardiac disease, and depressive mood disorder were significantly associated with an increased risk (Table 3) .
No multicollinearity was present among the variables included in any of the multivariable analyses.
DISCUSSION
The present, large case-control study evaluated various known and unknown risk factors for MC in one study. Based on the multivariable analysis in biopsy-proven cases, smoking, self-reported cardiac disease, and arthrosis were significantly associated with an increased risk of MC. Association with passive nicotine exposure or any factors related to early life microbial exposure was not observed in the total population. Moreover, hormonal exposure was not associated with MC in the female MC population either.
The absence of any association between MC and factors related to early life microbial exposure is in contrast to classical inflammatory bowel disease. Our findings clearly discard the hypothesis that a more protected, sanitary upbringing might be associated with an increased risk of MC in later life. The positive association between cuddly pets (cats and dogs) in the univariate analysis is even in contrast to this hypothesis. It is known that increased exposure to microbial antigens may affect the development of the intestinal microbiota 31 and immune system. However, based on the current findings, we cannot exclude that the intestinal microbiota may be involved in MC, as only 1 study has ever reported on microbial changes in MC, 32 and extensive data on the microbial composition and activity in MC are lacking.
The observed association with current smoking in the univariable and multivariable analyses was in line with previous observations, [11] [12] [13] 20 as is the finding that current smokers did develop their disease significantly more early compared with nonsmoking patients. 11, 12 However, in contrast to Yen et al, 13 who studied a histologically less well-defined population, we found no increased MC risk in former smokers. The fact that passive nicotine exposure at home, at work, or in childhood was not independently associated with MC in the multivariable analysis, indicates that low dosages of inhaled nicotine seem not to influence the risk of MC. Pathophysiologically, the strong association with active smoking might be explained by alterations in the immune response or intestinal microbiota or the negative impact on the colonic blood flow. 13, 33 In contrast to current smoking, no association was observed between exposure to hazardous substances at work and MC. The effect of other aerial pollutants was not studied but would be of interest to explore the effect of exposure polluting factors in the environment to a greater extend. With regard to alcohol consumption, no association was observed between MC and a period of excessive alcohol use before the index date. Unfortunately, data on alcohol consumption at diagnosis, in general, were unavailable. Another demographic factor studied was educational level. A higher educational level was associated with a decreased risk of MC in the univariate analyses, which is just opposite to the finding of Sonnenberg et al 19 However, in the multivariable analysis, educational level was not found to be associated with MC. Strikingly, MC was not found to be associated with a thyroid disorder, rheumatoid arthritis, or celiac disease in the multivariable analysis. This negative finding is in contrast to previously reported associations between autoimmune disorders and MC. 20 A relevant limitation is the fact that all documented concomitant diseases were self-reported, which might have induced misclassification of comorbidities. Furthermore, the number of prevalent cases was rather low, and thyroid disorders could not be specified into autoimmune and nonautoimmune variants, possibly influencing associations. The positive association between several other comorbidities (e.g., gastric and esophageal disorders, depressive mood disorder, chronic back pain, and arthrosis) in the univariate and multivariable analyses could be due to residual confounding by MC-associated drugs, such as NSAIDs, proton pump inhibitors, and selective serotonin reuptake inhibitors. 9, 34 In theory, this might also account for the association with cardiac disease, in which acetylsalicylic acid frequently is prescribed. 35 Unfortunately, analyses could not be corrected for drug exposure at index date (residual confounding), for drug exposure at the index date could not be assessed reliably based on patient medical files or the study questionnaire, particularly not in the control group. This is a major drawback of this study. Uncorrected drug exposure might also partially explain the observed differences in associated comorbidities between CC and LC, as NSAIDs are stronger associated with CC, whereas selective serotonin reuptake inhibitors are more associated with LC. 20, 36 Considering the predominance of (elder) females in MC, the association between MC and hormonal factors was studied. Both estrogens and progesterone are able to reduce chemically induced colitis in animal models by reducing inflammation and improving the epithelial barrier. 37, 38 Presumably, the postmenopausal decrease in sex hormone exposure might elicit MC. One study addressed this topic before but found factors related to an increased (e.g., young age at menarche and use of oral contraceptives) as well as a decreased hormonal exposure (e.g., younger menopausal age and less use of hormonal replacement therapy) to be associated with MC. 18 It should, however, be noted that the control group included in that study was established approximately 20 years earlier, and it was not clear whether the year of diagnosis was taken into account when assessing the presence of the studied variables. In our study, hormonal factors were not associated with MC in the multivariable analysis, although the number of female cases might not have been large enough to detect small differences between populations.
Together with current and previous findings that drug exposure, changes in the gut microbiota, and bile acid malabsorption are associated with MC, 9,13,32,39 a local immunological reaction to luminal (bacterial) contents in genetically predisposed hosts is still a plausible pathophysiological mechanism. Moreover, yet uninvestigated substances (e.g., viruses and air pollution) might play a role as well. Therefore, further research on risk factors for MC is warranted, as currently associated factors did not yet lead to the new leads for the possible underlying pathophysiological mechanism of MC.
A strength of this study is the combination of various known and potential risk factors for MC in 1 multivariable analysis, plus the large control group, consisting of randomly selected non-MC inhabitants of the same catchment area. Recall of historic facts might have led to more variation in the reported answers, potentially attenuating actual differences between the 2 groups. However, recall bias was considered nondifferential between groups because of matching cases and controls on year of birth. The study was powered to detect prominent risk factors for MC. Consequently, there may have been a lack of power to detect differences in low prevalent factors, which is a limitation of this study.
To conclude, this study does not support the hypothesis that early life exposure to microbial agents is protective for MC development in later life. This is in contrast to the hygiene hypothesis, which is considered of relevance to inflammatory bowel disease. Furthermore, a decreased exposure to sex hormones was not related with an increased MC risk. Current smoking was confirmed to be an incontestable risk factor for MC. Therefore, exposure to environmental risk factors in later life seems to be of relevance to MC pathogenesis and therefore needs further investigation.
